Purpose. To evaluate the clinical outcome in 108 total knee arthroplasty (TKA) patients with a mediallateral balanced versus unbalanced gap after a mean follow-up of 34 months. Methods. 64 women and 44 men (mean age, 69.5 years) underwent computer-assisted TKA for osteoarthritis using a cemented fixed-bearing cruciate-retaining prosthesis. The medial-lateral gap difference (measured with the prosthesis in situ and the patella reduced) was balanced (≤2 mm) in 81 patients and unbalanced (>2 mm) in 27 patients. After a mean follow-up of 34 months, patients were assessed using the Western Ontario and McMaster Universities Arthritis Index (WOMAC) questionnaire for pain, stiffness, and physical function. Scores were normalised to 0% (worst) to 100% (best). Results. The balanced and unbalanced gap groups were comparable in terms of age, severity of osteoarthritis, and proportion of pre-and postoperative mechanical alignment. Compared with the balanced gap group, the unbalanced gap group Outcome in total knee arthroplasty with a medial-lateral balanced versus unbalanced gap had a larger medial-lateral extension gap difference (0.75±0.57 vs. 2.02±1.15 mm, p=0.001) and mediallateral flexion gap difference (0.79±0.63 vs. 2.98±2.13 mm, p=0.001) and lower normalised total WOMAC score (84.9±18 vs. 74.8±20.8, p=0.017). Conclusion. WOMAC score is better in TKAs with a medial-lateral balanced (<2 mm) gap.
introduction
A successful total knee arthroplasty (TKA) depends on patient selection, perioperative management, implant design, and surgical technique. 1 Concerning the latter, reconstruction of joint line, limb alignment, and soft tissue balance are most important. [2] [3] [4] Failure to balance the soft tissue envelope to obtain rectangular flexion and extension gaps is responsible for 35% of early TKA revisions. 5 An unbalanced knee joint may result in anterior knee pain, stiffness/instability, 6 and early component loosing. 7 Obtaining a balanced knee joint with rectangular flexion and extension gaps is mandatory. [8] [9] [10] [11] Conventional soft tissue balancing mainly relies on the subjective judgment of the orthopaedic surgeon. 12 The use of distraction devices at full extension and at 90º of flexion enables more objective assessment of the soft tissue and knee joint gap. [13] [14] [15] Computer navigation reduces outlier of mechanical alignment and improves implant positioning. 16, 17 It quantifies the extension and flexion gaps during stepwise soft tissue release and reduces gap differences. 11, 18 Nonetheless, the clinically acceptable flexion and extension gap differences remain controversial. [18] [19] [20] A variation in the gap size of 2 mm results in anterior tibial translation with respect to the femur by 4 mm. 21 This confirms the significance of gap balancing for reconstruction of knee kinematics. This study evaluated the clinical outcome in 108 TKA patients with a medial-lateral balanced versus unbalanced gap after a mean follow-up of 34 months.
Materials and Methods
Informed consent was obtained from each patient. Between November 2004 and September 2008, 129 consecutive patients underwent computer-assisted TKA for osteoarthritis (determined by the Kellgren and Lawrence grade 22 ) using a cemented fixedbearing cruciate-retaining prosthesis (PFC-Sigma, DePuy Orthopaedics, Warsaw, USA), with the patella resurfaced in one patient. 21 of them were excluded because of failure to complete self-assessment (n=11), loss to follow-up (n=5), or death from a TKAunrelated cause (n=5). In the remaining 64 women and 44 men (mean age, 69.5 years), the medial-lateral gap difference (measured with the prosthesis in situ and the patella reduced) was balanced (≤2 mm) in 81 patients and unbalanced (>2 mm) in 27 patients.
The medial parapatellar approach was used. A tourniquet was inflated prior to surgery and deflated after application of an elastic compressive dressing. The patella was reduced or retracted depending on the surgical step. Knee deformity in the sagittal and coronal plane was quantified using computer navigation based on anatomic landmarks. Stepwise soft tissue release was performed in knee extension and 90º flexion using a calibrated tensor device (Knee Balancer; DePuy, Johnson and Johnson) with a distraction force of 150 N. Additional ligament release was made if necessary to obtain a neutral mechanical alignment and a rectangular medial-lateral extension and flexion gap. The tibial and femoral cutting planes were planned and verified by the computer. Mechanical alignment, extension and 90º flexion gaps on the medial and lateral sides, 23 stability, and range of motion were measured by the computer with the trial implant in situ and the patella reduced ( Fig.) .
Postoperative rehabilitation was standardised. After a mean follow-up of 34±13 months, patients were assessed using the German version of the Western Ontario and McMaster Universities Arthritis Index (WOMAC) questionnaire 24 for pain, stiffness, and physical function. Scores were normalised to 0% (worst) to 100% (best).
Patients with a medial-lateral balanced or unbalanced gap were compared using analysis of variance. The effect size was calculated by taking the difference in means between the groups and dividing it by the standard deviation. The power analysis (post hoc) was based on a calculated effect size of 0.5. For a sample size of 108 knee joints, the calculated power was >0.9. A p value of <0.05 was considered to be significant. 
results
The balanced and unbalanced gap groups were comparable in terms of age, severity of osteoarthritis, and proportion of pre-and post-operative mechanical alignment (Table) . Compared with the balanced gap group, the unbalanced gap group had a larger medial-lateral extension gap difference (0.75±0.57 vs. 2.02±1.15 mm, p=0.001) and medial-lateral flexion gap difference (0.79±0.63 vs. 2.98±2.13 mm, p=0.001) and lower normalised total WOMAC score (84.9±18 vs. 74.8±20.8, p=0.017) [Table] .
discussion
Some studies have measured the gap between tibial and femoral cuts prior to TKA implantation. [25] [26] [27] [28] Nonetheless, measurement prior to implantation does not necessarily correlate with that after TKA. Computer-assisted measurement with the implant in situ and the patella reduced is more reliable. 29 A medial-lateral gap difference in flexion and extension of >2 mm is clinically relevant. 5, 18 Balanced TKAs achieve better Knee Society Score and WOMAC than unbalanced TKAs. 5, [30] [31] [32] The WOMAC does not significantly change with time. 33, 34 In our study, 25% of TKAs with prosthesis in situ were unbalanced, which was defined as a mediallateral gap difference of >2 mm. Using the measured resection technique, 19.7% of TKAs have a mediallateral gap difference of >3 mm. 28 12% of computerassisted TKAs have a medial-lateral gap difference of >3 mm. 35 6% of TKAs have a medial-lateral gap difference of >3 mm. 1 In 45 varus osteoarthitic knees, 29% have a medial-lateral gap difference of >5 mm; 29% and 22% are poorly balanced in extension and flexion, respectively. 36 Measurement using the computer navigation system is considered accurate and reproducible. 37 The cruciate-retaining design is considered less forgiving than the posterior-stabilised design in terms of gap unbalance. 18 Our results with cruciate-retaining TKA may not be extrapolated to other prosthesis designs. Further studies are needed to determine whether intra-operatively measured gap balance correlates with postoperative weight bearing conditions. conclusion WOMAC score is better in TKAs with a medial-lateral balanced (<2 mm) gap. 
